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Q¢ },ON COMPLEX MAGNETIC SUSCEPTIBILITY OF A PARAMAGNETIO
AT HIGH FREQUENCIES

by
I.G. Shaposhnikov.
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' Summery

i : The thermodynamic theory of paramagnetic relaxation given

- b c 2:7 ,uwrl«

b 4 earlier )f ip used to determine the dependence,/-m oconstant
transverse field, of the real and imn}inary oeépmnu of tha

Vo PRt l/" "— w' PP
complox magnetic susceptibility ( .
W

field) of an 4ideal puramugqetio.—-;.b—frmeumed—-bh&t—tha-pﬁﬁ-
magaettoms pure spin mumetism, ang-thet- the frequenocy of the i

AVt 1oL i

’ Analss g
! l al \\F&r:i-abie field 15Narge 1n comparison with the reciprocal of the \

spin-spin relaxation time. : The experimental dataﬁ’"ﬂ are considered ",',
(oo e

from the point of view of the/\results obtained.

il e e

1. | Suppose an ideal paramngnetic with pure gpin magnetism is in
# el ceriiteriit
anﬂexternal magnetic field H = H + he the c(wmmmt component

Epe

Hy of which is directed along the z-oxis, while the variable por-

> i
tion hem = )Z is along the x-axis (M the case of perpendicular |
fielde). Thermodynamic theory gives for the x-component E of the p

4"% portion of mag:netization.
£ =y, oKL “o
where , |
| LRy (2)
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[ w’cw? + A W

x”
5\: [T:;':‘J(N’L w )] 4,77 (3)

“o

xo ig the statle punooptiblLity (an ideal p".mmagnatic ig weing

considercd; thereforu x = o/l , whure T, i3 the lattice tempera-

ture, gonsiderod & constant, and d le the Curie conatcmt),
mm.‘gm.t
(,)O—YH whepe ¥ im the ratlo of tho mugnatic to the mechanioal/for

(o}

somammetie povticlon; an > v (T ) +he apin-npil rc-

£

Ul p

1axation time.

Phonomenol.nnic wory[ W does not give the Lorm of dspendance

rt' (“ wpon T, anil 1 50 B0 that the dependence of ,\ and'x on 'I" “_,'U :'
nd 1l Ly seen %0 po only partially explaincd. However, one can vljf‘,‘f"ﬂ ‘
rive e dependence of '];’E upon Ho' which theorutiscal form x;lq,&?_?;ﬁ,”i'
patisfactorily deccribes the experimental curve X' =X" (g ) A

(this curve is teken given T, and 1); it turns out that ’(‘,’

ol
slowly increoses with meewih—et II wi—t-h—a-n aaymptotio Qpproachc)
sgo—dshe=yaine T ("u) for very lavge fields. W&ﬂu}b’ﬂf this

i wl ppiancdthp s

kind ~i variotion of T \Ii‘th ficld,._i—%—a?/kbw 'bhat for sufflcientlv
large frequencles (i1 the scnse of 7" (w)w»‘l , it is possible to
achieve the above-menti oned satisfactory description of the experi-
mentol absorption cnrve by simply assuming that ’?' does not depend
on HO. In what follows we shall consider uhe?w frequency
to be great enough in the above sense and ghall determine the

shavier
Mw of the curven ’X = J\_ (Ho) and ;(«” 1" (#,) on this

agsumption.
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ratic
[ & Let us denote the -quemiity X'/xo vy B, and.LX" /_xo By A
Shepni(ca Al
Since we ara nowﬂa—ak—f—ag '2“5 as independemt of Ho' T and A are
Mnetions of Ho only through &),; We noad to examine the nature

of the relations B = B(W,) and A = A(W,) given by (2) end (3)

for given To and W. In agreement with whet wae stated abcve
V we will consider that 1/’(}‘a w= e«m

The funotion B(wo) has a minimum and maximum acourate to

=

L=}
terme of the firsgt order in % { at the points

g - m _ — max
i : a.-,.:w«/os = 0, l‘*’o*“"’/os =0, 7, w

respectivoly, end becomes zero at points
@ =/§ W, =W ‘

° ) e (5) |

where /0 = 1/ g 80 that /%/wzg &1; thus B<a>°'“1“)<‘9,.m¢ i
B((.)omax)>0. ¥or the main terms of uxprcession B(&)omax) and

B(é.lomin) we obtain

min, ]
B (9" = |B@"")] = wlhs . (6)
For the main term B(0), (2) gives for Hj = 0 :

*‘ B(0) = ()0}, @)
and for H_ - O from (2) we obtain
B(o) = 1 ) (8)

L’("lt\\/laY”
whewre supposing H°—>oo, we intend %o determine the course of B

’”

i
;
!
1
i
b

(y

Nas . 4 N
for -(ﬁ*kél-cx values of®® H_ , which however remain’ )1eus than those v
»/t' L ° j,lr‘((vrvap: A&t},vm:f([(
values ’ﬂ which setunstien—ef magnetization ﬁ/\o}aeeiﬁ'-—&ppﬂcmhid

(since in the éeneral theory[ﬂ #% mognetization is assumed to

AR

§
f

be not too large). On the basis of (L), (6) and (8), instead of
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(7) we may simply assume 'Y ) k
B(0) = 0 . (9
The curve A = A(QW 0) has, nccurate to terms of the third ]
} order in £, & muximum at the point z

W, = W (10)
V ! and, accurate to torms of the first order in ¢ , falle re=
| spectively half-way to the right and left of this point at tlo
points 1
| W, = RS /f\"‘” L = wmex (11)
For ”0 = 0 and Ho-';DOfrmn (3) we obtain respectively

A(0) =1, A(e) =0 (12)
(twe tirst ls accurate to terms of the first order in ¢ )+ The
: curvon A( W) und B(w,) intersect at the point (if only the
first terme are considered) °
W= W+ L= 6. y (13)
; Similarly it is not difficult to see that the main termDA( 2)

A
1s wqual to @/2,0, so that (see (6) ) we have approximately
/"8

Al W) = 2D(womﬂx)7/in agreement with (11) end (13)5 end close

to G, = (o the curve e\(wo) ig symmetricel ond the curve B( wo)

&

antisynmetrical sbout this point.

orm
3. The genera};&k&tm of the curves A(Cdo) and B(wo) is
plotted in Fighls v
Let us essume that the complex quantity ?= heiwt indicates,

for exemple, that the result of the measurement of the variable

cemponent of the magnetic field is f= Im(hei“t) = h sin PWt;

then the measurement g of the variable portion of magnetization

re—
Pt
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@ (1) sives ) m' | *
‘ € ~m(f7) - Xj - a7 (1)

. From the fieber of curves B(wo) and A(wo) it follows that for !

gufficiently high values for thc constant field H (to the right

/] - . e it

¥ of the point & = W maxy - whero A" <K Ay [With /r‘cférme to th
"'2 \\\nv____,.__—.———"-—cl_._,o - A e I TLE
ii variable fleld comg@inj)thare exietswpmramagnetism with magnetio

' susceptibility x‘ >x0: . _

oo TR

2 x X (15)

while in the region of rather emall values of the constant field !

(to the left of “he point W, = () %), therc is no simple

relation betweon the varieble part of the magnetlc field and the

varinble part of the magnetizations, JIn porticular, when ‘X" >>X'
(this would be for very agmall values of Ho, and also for values

of H  close tod/y), we have the relation !

Eny - (" /D7 (16)

" . 1%

Zavol/‘islj:y was the firet to prOposezAa method for meapuring the
real ' component of the magnetic susceptibility of a paramagnetic
at high frequencies. This method is basad“ W(the ania_q_'bmpy of 4
the magnetic properties of @ parsmagnetic with me&;e to a ‘
variable field which occurs in the presence of a constant field,
and upon the assumption of the 1§1+d,e13endence of the parallel and

l perpendicular effects; 1.—(.(‘(;?‘,4“6}' t;xe independence of the complex

magnetic gsusceptibllities with e 124 to an alternating (Vm’m“" |L)

. \6«————-— field in directions parallel and perpendicular to a

conetant field (the correctnese of this supposition cen easily be

geen to follow from the thermodynamic.theorsﬁﬂg' Q of paramagnetioc

relexation). With his method Zavo;(slﬁ\ﬁr obtained”r experimentalﬁg,—

PUBEEE———_——
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Declassified in Part - Sanitized Copy Approved for Release 2012766‘/’01 CIA-RDP82-00039R000100030025-1



Declassified in Part - Sanitized Copy Approved for Release 2012/06/01 : CIA-RDP82-00039R000100030025-1

- .

i . |

/l(«p aed L o~
A ourve x‘ (Ho)_»gqx-_ anhydrous manganese sulphate wave length

p

Le 16 cm. (l.es"# = 1,15, 1070 aee.'1). He also Qb%nea

. AN T
e axparimentallnﬁrve ‘x“ (Hy) for the eome substance the
same frequenocy. The 4543 of these curves is shown in Figd2

i reproducing the general fentures of the corresponding diagram
; in vaoi?als'er'a paperm;X' and x " were mengured in certain elative

wbﬂr_;fy un‘:.t,q.
TV e kg
In-p”’ \wo1rk wfl] the following conclusione were drawn

e e -

from the results of thu measurements. First, the values for )(;'
when H/Rw0 and at tho point H 2V 6/, “# which x” hes its
maximum, are identical; second, the minimum and muximun: )(‘ ;
ere located at about those points where :K" falls to half ite
! value at maximum; third, within the limits of accuracy of the
measurements, the differencos in absolute magnitude between the
\ values x‘ respectively at minimum and moximum and the value x_‘
at the point Hy = (/Y sre equal; fourth, to the left of the
point Ho = W/Y there is dialﬁametiam with respect to the
¥ variable part of the field;\wto the right there is paramagnetiesm.
If in the case under conslderntion one may assume ?Bw>71
(which appears likely, if 75%10'9990.03)",%2-7 ), then
ZQVQQE}(}X'S experimental results may be compafed with the theore-
v tio0al repults obtained by us (although detailed comparison is ; ;
; conslderably hampercd by ‘the oircumstp.nce that zgvo/z?el;é/‘s meag- i
& urements are only relative). Of the above listed ccnclusions
drawn from the work disoussed, the first agrees with our
equations (5) and (9), the second with (4) and (11), the third

_with (6); &8s to the fourth conclusion, it is not quite correct.
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nlthgughx does go through zero at the point H = 0)/Y, this !
does not mean trensition at this point from aiemagnetiem to pnm-
megnetiem with respect to the varieble field; prramagnotism doce
actually begin near point H sw/y (to the right of point

= W, moX /oy o= G/ + /OJ*( ybut genorally gpoaking there is no

T e wn——

AT

cliﬂmagnetiam In the sonsc of proportionality in magnitude but

revorsal in direction batween the veriable pnrte of the magnetic ,
£1l01d and magnetization (sec remarke relative to (14)=-(16) Tt §
: would be veory importnnt for a moro qetniled comparicon patween the
| - theoreticnl results nnd the ¢xporimont, to have availuble experis

mental data on the absolute values of x and X
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